Modeling very oscillating signals. Application to image processing by Aubert, Gilles & Aujol, Jean-François
Modeling very oscillating signals. Application to image
processing
Gilles Aubert, Jean-Franc¸ois Aujol
To cite this version:
Gilles Aubert, Jean-Franc¸ois Aujol. Modeling very oscillating signals. Application to image
processing. RR-4878, INRIA. 2003. <inria-00071705>
HAL Id: inria-00071705
https://hal.inria.fr/inria-00071705
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de





























ap por t  

de  r ech er ch e 
THÈME 3
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Modeling very oscillating signals. Application to
image processing.
Gilles Aubert — Jean-François Aujol
N° 4878
July 2003
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, BP 93, 06902 Sophia Antipolis Cedex (France)






















































































â¡þﬀÔlöÚyßÚyáﬀØßÚyß;ÕK×2ÚﬃàKß¨öôÔlÕqÖI×2ÔcØjÖIÙ×1Ú#ÛKÜ Ý´ÞﬃÙÚyßKàKÖIáváKâIãqäáKÙ îﬀÚy×1ïjÙ Ø2â±àKÚ±éÙðyÚ^ñ1ê
ÖIòKóvÙôÔcñõÝﬃáﬀØjÙòqÖIöÙï
  	ﬂﬁﬃ	!* ﬃ	ﬀ!ﬁ, !ﬁ 	
ﬀ!!ﬁ#"
$'&(&(
	ﬀ#ﬂﬁﬃ	!ﬁﬃ!	Iﬁ, !ﬁ 	`	, !;"





































































































































P¤  ¦E_`ms~Łfqﬃ_`SUWoeoVheg_}Uacfk¢UoWV bkrCBﬃDFE ¤¤ﬂ¤¤¤ﬂ¤¤ﬂ¤¤¨¤¤ﬂ¤¤¤ﬂ¤¤ﬂ¤¤ﬂ¤¤¤¨¤¤ kY




















s bqaceobq_`eofk]¥nBeor7b¬p=f5f~s r¡}PbkdﬀW(_cfÉr¡_`Ps~ŁºeoVbqpkWvr98²W=W] e«ﬂeg_7eorE]Uf]è_`SPb_7r¡PdlS

















































































































































































































































































bkr`W B~} ¸ bk]ms }
f
¤








































































































" $ &!;  , 
	#	
ﬀﬁﬃ	 &(ﬂﬁ¥ﬁﬃﬃ


























































































































































































Ë É~J [ Ç eor¨r¡PdlS¼_`Smbq_ Ç eur lﬂÅ)bq]ms®fkJ m]Ueg_`WhgW
]Upq_cS¥nP_`SUW










Ç 	 ﬃ ﬀ   ﬁ.  a`W




























































































































































































































































































































q!q ' ﬂ /zﬂ 5p .Oﬃﬁ)z5 '*)+/zﬂ'2$ 5











































































































































fkacWV Y  :o82r¡W
W)bqur`f´ô
Q:ﬀnN_`SUW






Åq¶ Ç¨½`Ä:Åm»{r¡mdlS´_`Smbq_¹} s~eg  (bk]ms  } Ef=] Ç¨¤h[^]}Pbqa`_`eudﬀUubqavn;WXSmbK=W  <n¶jÇ¨½cÄ:Åm»
bk]ms  
  




























} E!fk]=Ç¨n5bk]msX_cf!r¡W_  o})·ﬃ¤[ ¥¹heurBeo] <¶jÇ»eg_`S 
f
_cSUeor;ubkr¡_B}Uacfk¢UoWV bks~VXeg_cr


















































¶ Ç» 	     7  ﬁ<&@ﬃ<;Åq¶ Ç»U ,   ﬁ @    Iﬁ
?














































































s~eg  #ﬁ "#9} 
`
P
 #ﬁ "# 8j~¤o°
M:




























¹ # ﬁ "#9}
`
P
sUeg  # ﬁ "#9} 
`
P

















































































































































































7¹  Âh¶jÇ»	: ﬁ<&@;ﬁ<&@  3	 ﬁ    <n¶jÇ¨½`Ä:ÅP», 	ﬁ(&X¹4}%s~eg  ! 
  
} E;









S  CQP\E w T H
ﬁ
?  Ï¥Ï 2  £¥Wﬀ_¹  Âh¶ Ç»`¤£Wﬀ_mr!dﬀfk]Pr¡eus~Wab®r`W 5UW
]mdﬀW  
#
















¤#RSUWacWﬂWﬀ³~eury_lr   <n¶jÇ¨½cÄﬃÅm»;r`mdlS(_`Smbq_
n
m}_cfbq](Wﬀ³E_`albkdﬀ_`eofk]¥n
 #   heo]9<n¶jÇ¨½cÄﬃÅm»±#W
bqﬀ 8j~¤=#:
RSmW]¥nmb=r#eg](_`SmW}Ua`fEfkfqJ£¥W
VXVXbU¤ Un~;Wdbk](r`SUf%_`Smbq_  
  

























     !  7J7 @ ﬁ 	  I 	%<¶jÇ»

Âh¶jÇ»2, 	ﬁ<& ﬁ(& 'ﬁ(, 
7  ﬂ, 	  < @ﬁﬂ	 ²Ç 	 !acWpkmobka , 	ﬁ<&  
	 <'&	ﬁ=  @  I)
+
ﬁ21&   
36	 ﬁ   
f







ﬁ21&      {µ
#











     ﬁ. E ,-& . 1 ﬁ  	 <	ﬁ Iﬁ
RSUeuracW








































































































































































































































































	)· ﬁ "#~} E  ﬁ 

¶ Ç» 8j~¤ Y "M:
SmeodlSÉeoVh}mgeoW







K¶ Ç»`n:;WSPbKkW	)·  <K¶jÇ»c¤RSUW
a`W²fkacW















a`W7W³~eor¡_crXµ  <¶jÇ»r¡mdlSÉ_cSmb_vnJU}Ã_cfbk] Wﬀ³E_`albkdﬀ_`eofk]¥n±µﬂ#
 µ eo]






























)· #ﬁ "F 8j~¤ m°-:






















































































































































¶<. C»`» 8j~¤ E#:
Æ¬W7SmbK=W  #  <n¶jÇ¨½`Ä:Åm»`¤®¯¼fkacWf=Wavnfk]UWWvbkr`egoŁr`WWvrﬂ_`SPb_ #
  








]2. D ¸ 8j~¤ =M:











































































































































































ﬃ5ﬁµ  <K¶jÇ»  , 	ﬁ(& 
f
Iﬁ%1&  ﬁ(&  
36	 ﬁ ﬂ·  ¿)À7¶jÇ»  ¹  Âh¶jÇ»












} E . Ç
81YU¤ YF:










} EU¤ z]Ps r¡eo]mdﬀW














s®eo] <n¶jÇ¨½`Ä:ÅP» 8²_`Smbk]U~r_cf(¯¼f=a`acWŁ  r_`SmWfkacWV¼nr`WW7 Unﬃ°ﬀ;:I¤ÆW)_`SEmr









































<¶jÇ» *, 	ﬁ<&  
f
Iﬁ 1 &@ ﬁ(&   
36	 ﬁ  A·

¿hÀ¶ Ç»C  A¹

Âh¶jÇ»






























































S  CAP*E w T H -
lh¤ v{W]mdW®_`SmWacW®Wﬀ³~eor¡_cr
A















¿ :¶1· # » 81YU¤ F:
RSEmr#²acfkV 81YU¤#:ﬀnU#W¨p=Wﬀ_
g

















































































































































gf=]Up=r#_cfÂh¶jÇ»`¤ f U}(_`f7bq](Wﬀ³E_cacb=dI_`eofk]nUr¡eo]mdﬀW :¶2· # »±eur¢CfkU]msUW
s¼bq]ms(· # eur¢CfkU]msUW
s¼eo]










YU¤[ ¶1· # ½¡¹ # »Neurb{Vheo]UeoVXeg¾
eg]Upﬂr`W 5UW]PdﬀWJ²f=a82YU¤o°i:Inv_cSUW]!_`SUW





































































































































1&   @ﬁﬂ	   7   ﬁ
+


































































































<;Å¶jÇ»'ﬁ 1&   































		ﬀﬁﬂ	ﬃ	 !" ° "
eur#]Ufq_bVXeo]UeoVheo¾W
afq%X¤±RSUW¨acW
r`U«_eur;f=¢E5eofkPr±eg A¹   A·  <;Åq¶ Ç»qÂ
(
¶ Ç»`¤±£Wﬀ_mrr¡SUf _cSmb_eg




snUeg A¹   A·  Â
(
¶ Ç»`nU#WSmbKkWF>



































» ﬃ¶A·¥» } EU¤
z{]ms7b=r
A
 }  
f
½ E =nq#W{p=Wﬀ_;_`Smbq_ :¶A·»0} Em¤ﬃRSmWacW{Wﬀ³~eury_lrJ_cSUWacWﬀ²f=a`W












































¶ Ç»`nmbk]ms(bkr %Ádﬀfk]E=Wﬀ³ 81bk]ms(bkrÂ
(
¶jÇ»Bdfk]EkW³:In~#W¨p=Wﬀ_i>








































































































































· # ¹ #
-




ªma`f=Vb8²m¤o°k°-:Jbq]Psm8²P¤g°vYF:In5#Ws~Wvs~mdﬀW{_`Smbq_#· # bq]Ps¹ # bqacW{¢CfkU]Ps~W
seo]<;Å¶jÇ»c¤±RSmbq]mErB_`f~8²P¤g°vF:In







































































































¶A·ﬃ½A¹P» 	    	 	  	    7 %.&
E (
¶2·½`¹m» 	 7 !ﬃ  
 	 7 )






















¶1·ﬃ½¡¹P»`¤JRSUW1bkdﬀ_B_`SPb_ A·}%µ  A¹  
y  CAPH



















E  A¹ è¶ µ) A·»¸ B 
y CAPVH
¶A¹C» 81m¤o° "M:
SmWacW¨#Ws~W]mfq_`Wvs(¢5Ł   _`SmWr¡U¢Ns~e ﬁCW
a`W
]5_`eubqfq   81r`WWkEn¥°8K;:>




























A·h¸ A¹  µh¸ B :¶A·»
E






































































































































































¶1·) A·½lµ) A·) A¹C»~¸
f






















































































































ﬃ   /zﬃﬁ!t 5 /z&(' 7Uﬂ13ﬂ / ﬃ)z5  7 '21 . $ 















Å ¶ Ç» ﬁ@ﬃ5ﬁ(   ﬀ  ﬁ<&@ﬁCﬁ(&   36	  ﬁ·  ¿)À7¶jÇ»   	¹  Â
(
¶jÇ»
  &ﬁ(&  ﬁﬃµ9}
·h¸¹ ﬁ 1&  ﬁ<&@  3	 ﬁ ¨¶A·½A¹m»  ¿hÀ¶jÇ»*#¼Â
(
¶jÇ»  @ﬁﬂ	   7   ﬁ   Iﬁ












( * %ﬀ* %
ﬃ ﬁO   3
ﬂ
 E	  F    Kﬁ
+
Iﬁ ﬃ5ﬁ±¶A·½6A¹C»   @ﬁﬂ	 	7ﬂ  F    Kﬁ
+
Mﬁ





	   ﬁ   Iﬁ1&  )

¶A·ﬃ½A¹P» 	  
   @ﬁ 	   	7 < Mﬀ    ﬁ   Iﬁ

  









 	     @ﬁﬂ	 ' 7   ﬁ
+
IﬁC '  




























































































































GiE GiJFy CAPVHKE Gﬀ[ (


























































































r`eo]mdﬀWÉµ3} A·´¸ A¹ eg_`S ¶A·½A¹m»
















































































ﬃ ﬂ13ﬂ /&ﬃ'2  
Æ¬W}UacW
deor`WSmWacWﬂ_`SUWﬂoeg]U¢PW_y;W










ﬃ5ﬁO   3
ﬂ
 Eﬃ	  Kﬁ
+
Iﬁ ﬃ5ﬁO   ﬀ  ﬁ(&  ﬁ < M    Kﬁ
+
 &@ @<	< I 





	   ﬁ     ﬁ   Iﬁ ﬃ ﬁ   6!ﬁ.9®¶1· &U½¡¹ &U» ﬁ(& ﬃ @ﬁﬂ	 








¶ Ç» B 6ﬁ.E ﬁ











?  Ï¥Ï 2  RSUWWﬀ³~eury_cW]mdWfq¶A·½A¹m»eorﬂp=eg=W]¬¢5Ł¬£¥W
VhVb¼YU¤o°k¤7RSmWWﬀ³~eor¡_`W
]mdﬀW7bk]msU]Ue=mW]UWvr`rfk
































¶1· & ½`¹ & »0} :¶1· & »N¸ed
f
B g






¶2¹ & » }:¶1· & »C¸ed
f
B g

































B:¶A·» 81m¤  "M:
Æ¬WX_`SUW















































































































































































































ﬃ   ﬃ1u'*)ﬂ ﬁ .O7o)z' $M7 /z$
Æ¬WxyPry_ﬂr¡SUf SUW
a`W!Wﬀ³UbqVX}UoW




















































































ega¢Pf=U]ms~Wvsbka`eub_cegf=]]Uf=a`V¼¤±[^]     I  qnCkf=gmVhW°8k5fkDﬃ5 ﬁK@  ﬁ. 	

M V@ﬁ !	   ﬀn° " " "U¤
 Yq£B¤zV!¢ma`f5r¡eofmn  ¤ªUmrcdﬀfPnCbk]ms/Ñ)¤wﬃbkgubqalbU¤ \@!ﬁﬂ	    7   @ 6 	  ﬁ 	  I  J7     	 








¤  ' ﬁ<&@  ﬁﬂ	    Mﬀ  	
 
     	kn±=fkoUVXW
°
E!fq <
	    ' ﬁ<&@  ﬁﬂ	   !	 ! I¤B¦E}Uaceo]UpkW
a¡i +JWacobkpmn~q==~¤















 8qm¤ -#fkma`p5bqeo] bk]ms v¤ -#acW¾eur





Km¤ -#f=Ua`p5bqeo]Ábk]ms v¤ -#a`W
¾eur¤ ¦EUaºht 5mbq_`eofk] 	  7l¤

ﬁ ﬁ   ﬁ<&ﬀﬁ   Kﬁ !	<ﬁ 	 In
Y=YqV8y°k°-:> "5qY "E8mn=q==~¤
 q v!¤ -#a`W
¾eur¤  !
7 ﬁﬂ	  !ﬀﬁ 1&  	  ﬁ    






























		ﬀﬁﬂ	ﬃ	 !"  "








¤ oﬀ 	 '&@   ﬁ<&@  ﬁﬂ	 vn¥881YM:>o°185C°vkUnm° " "EE¤
o°k°ﬂ|¤kÑbk~_`albKŁbq]Ps)m¤ £B¤q£¥eofk]mr
¤   
  ﬁ(&    ﬁ 	<   ﬁ   @Iﬀ 	< I  @ @ ﬀ 	   
ﬁ   ﬁ. '& 	<  InU=fkoUVXW¨P¤±¯®bkrcr¡f=]¥nN° "=kU¤
o°vﬂ£B¤  ¤¥©±Kbk]mr








¤  |  w±a`Wvr`r
n° " "=~¤
o°kﬂÑ)¤ ¨ego¢mbqacpbq]ms  !¤ ¦¤=Ra`msUeg]Up=Wav¤ 	 <ﬁﬂ	   ﬁﬂ	   	   <ﬁ 	    ﬁﬂ	    7 !  !
	  6In
=fkoUVXWqhfq  	  ﬁ  ' ﬁ(&    ﬁ 	     	 I¤B¦E}Uaceg]Up=Wa`iﬂ+JW
a`ubqpPnP° "5qU¤
o°vﬂwﬃ¤ ¨a`eur¡bkacs¤ 
	 <ﬁﬂ	  < Mﬀ   	 !I' 1 ﬁ<& M  	IIn:kfkoUVXW7®fk  !   &  







	  I   	 	  	  ﬁ 	  ~  	ﬁ(&K 
 
n:kfkoUVXWY==¼fk   @  ﬀ'&  6  ﬁ<&@  ﬁﬂ	 '&@ 	   '&@ 7 ﬁ.P¤º¦E}Uaceg]Up=Wa`iﬂ+JW
a`ubqpPn
° " "=YU¤
o°KKm¤ £±¤P£egf=]mr{bk]ms®©¤¯®bqp=W]UWvr¤   M   ^I3



















  ﬁ*ﬁ *  	 KnU}mbkpkWvr;E " 5EmnC° "68kU¤:|mrcr`eobk]¥¤
qq

¤¯¼eoalbq]msUbm¤   ﬁ 	   	    ﬁﬂ	    I  ﬁ 	  I 	7;
	 <ﬁﬂ	  ﬁﬂ @¤ ¦E}Uaceg]Up=Wa`iﬂ+JW
a`ubqpPnr¡Wvdﬀf=]ms
Wvs~eg_`eofk]¥n¥° "5qU¤


















3   	 InEkf=gmVhW¨k!fq!  @    &6 6H  ﬁ<&@  ﬁﬂ	 '&@ 	 








bkgp=fkace«_cSUVr¤ &	  !n 8k> = "U 8=UnU° " "=U¤
kﬂ|¤mRW
VbqV¼¤  1	  <ﬁ.     ﬁﬂ	 II¤±©Jur`WEegW


















Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)
  	


  
ISSN 0249-6399
